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METHOD AND APPARATUS FOR CONTROLLING A BRAKING SYSTEM 

This invention relates to a method and apparatus for 
5 controlling a braking system and more particularly but not 
exclusively to a method and apparatus for controlling the 
front and rear wheel braking system of a road-going mass- 
produced motor car or automobile and the like, including 
small vans, pick-up trucks and other vehicles which differ 

10 from these mainly only in bodywork structure and/or detail . 
The particular aspect of the present invention which is of 
current demand and interest relates to the provision of a 
so-called brake-by-wire system for road-going mass-produced 
motor cars or automobiles. Non mass-produced vehicles are 

15 not subject to the same stringency of cost and space and 
other parameters as mass-produced vehicles. 

The requirement for an effective brake-by-wire system 
for cars and automobiles, particularly mass-produced ones, 
has gained even more interest in recent years due to the 

2 0 availability of digitally-controlled systems for management 
of braking and other hardware which gives the opportunity 
for incorporating into mass-produced motor vehicles 
facilities for sophisticated control of braking and other 
systems using available data-processing hardware and 

2 5 software. 

As is well known, current systems for the control of 
roadgoing mass produced motor cars and automobiles involve 
either totally hydraulic systems or hydraulic systems with 
an electronic : hydraulic interface at some point in the 

3 0 system. While such systems have been made to work reasonably 

effectively, it is clear to all concerned that a significant 
advance would be achieved if an entirely 
electronic/electric-powered system could be provided in 
order to enable the system to operate without such an 
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interface and without ■ the potential for interface-related 
technical difficulties and discontinuities. 

However, although the search for a brake -by- wire system 
has intensified in recent years, and has been a matter of 
5 significant interest for several decades, yet the problem 
has not been solved. Many proposals exist for brakes, 
including disc brakes utilising electric actuation systems. 
None of these has been found to meet the practical and 
commercial and legal/regulatory requirements for such a 
10 system. 

The present invention represents a different approach 
to this question from all prior proposals known to the 
applicants in the sense that the present invention seeks to 
provide such a system by addressing the (hitherto somewhat 

15 ignored) core question of the general design structure of 
the disc brake for such a system, instead of concentrating 
on other aspects of the system. In this way the embodiments 
of the present invention provide an approach to the design 
of a brake -by- wire system which enables such to be produced 

2 0 in a practical form which can use significant proportions of 
currently available parts and equipment. 

We have discovered that the features of the embodiments 
described above lead to the surprising result that the long- 
sought-after goal of so-called brake-by-wire (in the sense 

2 5 of providing a braking system for a mass-produced motor car) 

can be met within the cost and space and performance 
parameters which have been firmly established by the many 
decades of development of hydraulic braking systems (to the 
point where they are now so firmly entrenched that the 

3 0 adoption of an alternative system for use on any significant 

production scale by a mass manufacturer of motor vehicles 
represents an almost impossible task) . This is due to the 
simplicity and relatively low cost of such systems, not to 
mention their compact format. 
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We have discovered that this barrier to the provision 
of a brake-by-wire system for mass production vehicles can 
be met by a rather specific combination of features which 
leads to this unexpected result. 
5 Although one factor in the equation concerns the 

necessary actuating force to be applied between the 
interacting . brake friction surfaces, it is by no means the 
only significant factor and • we have discovered that 
important related factors concern the provision of other 

10 features of the overall brake configuration. 

Thus, for example, a not-insignificant factor concerns 
the features provided relating to the axial slideability of 
the two or more brake discs and the related spot -type 
construction of the brake itself. While of course it is well 

15 established that aircraft brakes employ a plurality of 
axially slidable discs and interleaved friction elements, 
nevertheless the actuating forces required in that regard 
(even on a per unit area of friction surface basis) may be 
quite high as compared with those conventionally employed in 

2 0 mass produced roadgoing motor cars despite the fundamental 
design difference as between full annulus aircraft brakes 
and spot- type road vehicle brakes. However, the infinitely 
different operating regimes in which aircraft brakes are 
required to perform (as compared with such brakes on motor 

2 5 cars) render the technical teaching available from such 

well-established prior use in aircraft brakes, of relatively 
little significance. 

One such factor is the fact that the brakes of an 
aircraft such as a commercial airliner operate at most three 

3 0 or four times per day and on those occasions are required to 

perform a braking operation to a very substantial proportion 
of their total braking capacity (the entire structure being 
raised to a very substantial temperature in the post-landing 
phase) and this contrasts very remarkably with the situation 
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of the brakes of mass-produced motor cars where multiple 
light applications of the brakes may be required throughout 
the day at a rate of many per minute. 

Other factors include the service and use regimes under 
5 which aircraft and motor cars operate. These can be 
summarised in terms of endless use with minimum (within 
statutory regulations) service within the cost constraints 
of the mass market, for mass motor vehicle, and occasional 
use under highly serviced conditions (as imposed by air 
10 craft operating regulations) , as applied to aircraft brakes. 

We are aware that a brake -by -wire product to meet mass 
market requirements must offer an acceptable compromise 
between the conflicting demands of size and cost and 
actuation efficiency while meeting the demands discussed 
15 above and a brake which is able to meet these demanding 
factors represents a blend of complementary features which 
(we. have found) represents a rather limited range of brake 
design features which cooperate in the necessary way. 

Thus, in the embodiments of this invention as described 

2 0 below, we do not say that any one particular feature 

represent the sole key to the solution of the longstanding 
problem of braking-by-wire. What we do say is that we 
believe that the embodiments described below represent the 
first acceptable combination of features which enable a 
25 brake-by-wire system to be provided which has the potential 
to meet the requirements of the mass market. 

It goes without saying of course that electric servo 
devices have been used for operating specific embodiments of 
brakes for mechanisms of various kinds, and no claim is made 

3 0 to the application of such servo devices to braking systems 

in a general way. Indeed, it is believed that the 
application of. the present invention finds its main 
commercial and technical field of use in relation to that 
specific range of braking systems which is defined by such 
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features as, firstly, at least two axially slideable brake 
discs, these discs being mounted for controlled axially 
slidable movement. The discs are also mounted so as to be 
under the control of attitude control means which defines 
5 their parallel planar relationship (while not necessarily 
ruling out some degree of non-planarity under the dynamic 
conditions of use) • In addition, the system provides 
friction elements interleaved with the discs and 
corresponding attitude control means for the friction 

10 elements adapted to maintain their parallel planar 
relationship to the friction surfaces of the discs while 
permitting some degree of non-planarity under the dynamic 
conditions of use, as in the case of the discs. The disc 
position of the friction elements with respect to the discs 

15 is such that only a portion (and in one sector only of each 
disc) of the friction surfaces of the discs is engaged at 
any given time, thereby defining a spot -type relationship 
between the friction elements and the discs. 

Other factors affecting the design parameters of a 

2 0 brake-by-wire system for viable commercial operation include 

the need for (under present regulations) a system default 
capability in which an hydraulic brake actuation system is 
able to provide a reserve braking function. Such systems can 
however be fairly readily integrated into an electrically 
25 operated braking system by the technically competent person 
on the basis of simple additional facilities provided in 
parallel to those of the electrically-operated actuating 
system. 

Examples of disclosures relating to so-called brake- 

3 0 by-wire systems include the disclosures in WO97/3 02 95 and WO 

96/18531 and in a paper entitled "Autotech 95" reference 
C498/12/161 of. the Institution of Mechanical Engineers 
entitled Motor Based Brake Control Technology. In these 
prior disclosures, the WO 2 95 specification concentrates its 
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disclosure on details of the actual thrust generating device 
provided in the disc brake caliper. The WO 531 specification 
concentrates on the details of the hydraulic system. The 
I.Mech.E article concentrates on overall system design. None 
5 of the disclosures in these three representative 
publications recognises or provides any clear teaching of 
relevance with respect to the concept of the present 
invention namely the use of a particular brake structure as 
a basis for a commercially effective brake-by-wire system 

10 for the mass commercial market. 

Numerous other examples of prior publications relating 
to electrically actuated brakes could be cited but in all 
cases known to the applicants the disc brake involved is of 
generally standard and unremarkable construction. Thus the 

15 WO 295 specification shows a conventional single fixed disc 
arrangement. The I.Mech.E article shows, where it does 
mention detailed brake construction, the use of a specific 
DC motor-operated electric screw device for the shoes of a 
drum brake. There appears to be no disclosure in the state 

2 0 of the art to the effect that a viable brake-by- wire system 

requires the use of a certain class of disc brake 
construction in accordance with the teachings of the present 
invention. 

Examples of many published braking systems in which an 
25 electric motor or drive of some kind is used to actuate the 
brakes are : - 

GB 23 07 528A (Mercedes-Benz) 
GB 21 56 021A (Teves) 
in which there are disclosed, respectively, an electro 

3 0 hydraulic brake system for a road vehicle, and a process and 

apparatus for the control of a brake unit for automotive 
vehicles. Both of these specifications take the conventional 
approach of discussing principally the details of the 
construction and mode of operation of the control system, 
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while leaving to one side the question of significance of 
the brake construction itself. The Teves document does 
mention that the brake in question is a spot -type disc brake 
as shown in Figs 1 and 3 . The Mercedes Benz document mainly 
5 refers to front -wheel brakes 11 and 12 and rear-wheel brakes 
13 and 14 which can be actuated by means of a brake- 
pressure control device. The diagrammatic representation of 
these suggests they may also be spot-type disc brakes. 
Certainly, there is no explicit disclosure of spot-type disc 
0 brakes of the sliding disc kind, and not even a hint that 
the construction of the brakes themselves may have the 
slightest relevance to the technical/commercial feasibility 
of such a braking system for automotive vehicles. 

There is disclosed in WO 98/26191 (T & N Technology 
5 Limited - assigned to Delphi Technologies Inc) , our 
reference 2 560, published 18 June 1998, one example of a 
brake having two axially slidable brake discs with springs 
between the brake discs and the hub and between the friction 
pads and the caliper. Such is just one example of a spot- 
CD type automotive disc brake employing slidable discs which, 
though not numerous, certainly had been proposed on paper 
prior to the WO 191 specification. 

However, easy though it is to find prior paper 
publications relating to the features which co-operate to 
5 provide the working combination of the present invention on 
a mere hindsight basis, more difficult is the task of 
finding any explicit prior disclosure which has the 
slightest relevance to the question of whether such a 
combination would be tested with any more expectation of a 
0 favourable result than any other electrical brake operating 
system and one or more of the tens of thousands of published 
drum and disc brake systems for automotive vehicles. As 
indicated above, the above Mercedes-Benz and Teves documents 
contain no such suggestion. Equally, the T & N - assigned to 
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Delphi document concerns itself entirely with the question 
of how to construct the fixed caliper of a slidable-disc 
disc brake system in a manner which is cost-ef f ectively 
strong for the purposes concerned. 
5 In this connection it bears mentioning that the size- 

reduction implications of the present invention in relation 
to electrical actuators for braking systems are necessarily 
defined by reference to the required brake actuating thrust 
which, it will be appreciated, has a proportional 
10 relationship to actuator size and acceptability or not for 
mass production in the same vehicle market (in terms of 
actuator size) is obviously a matter of degree in relation 
to size. The actuating thrust requirement is likewise inter- 
related to the number of brake discs involved and the use of 
15 the resultant disc brake at the front or rear of the 
vehicle. In the case of a small vehicle with an appropriate 
front/rear braking effort distribution ratio, the level of 
thrust required for brake actuation at the rear brings a 
rear single-disc disc brake within the limits in terms of 
2 0 actuating thrust to which the embodiments of the present 
invention relate. 

According to the invention there is provided a method 
and apparatus as defined in the accompanying claims. 

In embodiments of the present invention it may not in 
2 5 all cases be essential to employ two or more slidable discs 
since under certain vehicle design and weight operating 
parameters a single disc may be sufficient. For example, in 
the case of certain relatively small mass produced cars, the 
percentage braking distribution between front and rear may 
30 be as unequal as 70 : 30. In such a case it may well be 
sufficient to provide a single slidable disc for each rear 
brake, while the front brakes have twin discs in view of 
their more than double (the rear) share of the braking 
burden, and it is to be understood that the features of the 
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embodiments of the present invention which lead to the 
advantages discussed above provide a combination of brake 
design features which, we have discovered, interact to meet 
the performance and weight and size criteria needed for 
5 brake -by- wire functions in a modern mass-produced motor car, 
rather than achieving the desired advantages as a direct 
result of one or two specific design features acting or co- 
operating to provide one specific function in the usual way. 
Further features which lead, in combination, to the 

10 benefits provided by the embodiments of the invention 
include the brake disc and friction element attitude -control 
and dynamics control systems whereby the well-established 
difficulties associated with maintenance of a proper 
parallel planar relationship between the interacting (when 

15 the brake is applied) surfaces of the brake is achieved even 
under the dynamic conditions of use which arise in a modern 
mass produced motor vehicle, not ignoring the minimal 
service provision for such vehicles which has been discussed 
above . 

2 0 In most embodiments the attitude and dynamics control 

systems are provided by resilient means in the form of a 
wire or leaf -type spring or springs. There is considerable 
scope for design flexibility in this area of the brake's 
construction and reference is directed to our pending 

25 unpublished GB patent applications in this respect (our 
references P54615/6/7/8/9GB and 3003 9/40/1/2/3 serial 
numbers : 
GB 00 10 810.0 
GB 00 10 808.4 

30 GB 00 10 807.6 
GB 00 10 805.0 
GB 00 10 804.3 

For disclosure purposes we incorporate herein the 
entire disclosure of the above identified co-pending 
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applications herein . 

One aspect of the technical basis on which the 
embodiments of the present invention meet the requirements 
for providing a viable system for braking-by-wire relates to 
5 the design concept (concerning brake structural features) of 
providing a central hub or mounting on which the discs or 
disc are axially slidable. In the case where two or more 
discs are provided in this - spot -type disc brake, with 
interleaved friction elements and an actuation system to 

10 cause axially-directed compression of the assembly in the 
sense of bringing the friction surfaces into braking 
engagement, the availability of additional braking surfaces 
for generating the friction effect has the result that the 
force per unit area needed to be applied to the friction 

15 elements is correspondingly reduced, thereby enabling a 
simplification of the arrangements needed for the generation 
of the brake -actuating forces from an electrically-based 
servo motor. However, these features are inter-related to 
other features of the brake, and indeed to the front /rear 

20 positioning and loading of the specific embodiment of the 
invention, in view of the fact (discussed elsewhere herein) 
that a single disc assembly provided on an axially- slidable 
basis is sufficient for rear vehicle wheel braking purposes 
in many cases for motor cars of small to modest size in the 

25 mass-produced market . 

Therefore, we summarise the features of the embodiments 
of the invention in terms of their combined effect in 
meeting the requirements of braking-by-wire and with an 
emphasis on the principal brake design features concerning 

3 0 at least one or more axially slidable discs mounted on a 
central hub or the like and interleaved with an assembly 
comprising at least one correspondingly axially slidable 
friction element, the provision of means for attitude and 
dynamics /movement control in use under the actuating effect 
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of an electrically-energised servo motor which generates in 
use an actuating force less than that required to operate a 
front vehicle wheel disc brake system of a same or similar 
vehicle on a fixed disc and moving caliper basis. 
5 Embodiments of the invention will now be described by 

way of example with reference to the accompanying drawings 
in which: 

Fig 1 shows apparatus adapted to provide a method for 
controlling the front and rear wheel braking systems of a 
10 road-going mass-produced motor car or automobile; and 

Fig 2 shows, on a considerably larger scale, a section 
through a wheel hub and associated disc brake forming a 
front wheel assembly of the vehicle of Fig 1. 

As shown in Fig 1, a braking system 10 of a road-going 
15 mass-produced motor car or automobile 12 comprises a driver- 
operable brake actuating control member 14 in the form of a 
foot pedal. Front wheel brakes 16, 18 and rear wheel brakes 
20, 22 are provided for the front and rear wheels 24, 26 and 
28, 3 0 respectively. 
2 0 A brake -actuating and control system 32 for the brakes 

16, 18 and 20, 22 comprises electrically-powered servo 
motors 34, adapted to generate brake-actuating thrust in at 
least the front wheel brakes. In fact, all four brakes 16, 
18 and 20, 22 are provided with such servo motors, to be 
25 seen in Fig 2, and which will be more fully described below. 

As shown in Fig 1, braking system 10 comprises a dual 
control system 3 6 whereby foot pedal 14 primarily controls 
system 32 for the electrically powered servo motors 34 but 
is provided in addition with a default-operated hydraulic 
30 control system 38 to meet current regulatory requirements. 

For simplicity of illustration in Fig 1, it is to be 
understood that, the dual control system 3 6 incorporating 
both the electric control system 32 and a hydraulic control 
system 38 are represented by the indicated master cylinder 
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and reservoir assembly to which brake pedal 14 is connected, 
and the control lines of the electronic control system are 
likewise represented by the hydraulic lines 42, 44 of the 
twin hydraulic circuit. 
5 The brake actuating and controls system 32 for the 

servo motors 34 further comprises means (not shown as such) 
for modulating the brake- actuating thrust (as generated by 
servo motors 34) in accordance "with sensed vehicle operating 
parameters, for example sensed wheel skid in the case of the 

10 provision of an anti-skid braking system (ABS) , or the like. 

As will be apparent from Fig 2 of the drawings, the 
front and rear wheel brakes 14, 16 and 20, 22 are of spot- 
type disc brake construction in which a central hub or 
mounting means 46 is adapted to rotate with its respective 

15 vehicle wheel 24, 26, 28 or 30 and to have its associated 
brake discs 38 mounted thereon for rotation with the hub, 
the discs having associated friction elements indicated 
generally at 50 as an assembly, which are mounted on a 
corresponding fixed caliper 52 carried on the fixed (but 

2 0 steerable) structure 102 of the wheel mounting and which 

straddles the outer periphery of the discs and provides 
guide means and a mounting for the friction elements and 
their corresponding actuation means comprising the 
electrically powered servo motors 34 . 
25 As regards the spot-type construction of the brakes 16, 

18 and 20, 22, each brake is located in its own defined 
sector of the periphery of the brake disc and hub assembly, 
being constructed to act on the respective discs only over 
a portion of their annular braking surfaces, such portion 

3 0 being defined by the circumf erentially extending width of 

the pads of friction material provided on the friction 
elements. 

As is also clearly shown in Fig 2, the assembly 48 of 
the brake discs comprises twin brake discs 54, 56 for the 
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front brakes 16, 18 and single brake discs 58 for the rear 
wheel brakes 28, 30. The discs of the front wheel brakes 16, 
18 are mounted on their respective hubs 4 6 in side -by- side 
relationship and with a generally parallel planar 
5 relationship between the braking surfaces 60, 62 of the 
discs. 

The assembly 50 of friction elements comprises, as 
shown in Fig 2, 3 friction elements 64, 66, 68 interleaved 
with the twin discs 54, 56 for frictional engagement with 

10 the four braking surfaces 60, 62 of the two discs on 
opposite sides of the discs in the region of the periphery 
thereof, the friction elements being mounted on fixed 
caliper 52 at a fixed position with respect to hub 46. 

Shown diagrammatical ly in Fig 2 in respect of the front 

15 wheel brake 16 thereof are attitude and movement control 
means 70 for the brake discs 54, 56 and corresponding 
attitude and movement control means 72 for the friction 
elements 64, 66, 68, such control means acting, 
respectively, between central hub 46 and the brake discs 44, 

20 46 and between caliper 52 and the friction elements 64, 66, 
68 . 

The attitude and movement control means 70, 72 operate 
to control the discs and the friction elements with respect 
to their mountings at least during the time interval between 

25 successive actuations of the electrically-powered servo 
motors 3 4 to ensure proper alignment of the discs and 
friction elements in respective parallel relationship while 
permitting the necessary sliding movement into and out of 
engagement. For the details of the structure and arrangement 

3 0 of such attitude and movement control means we incorporate 
herein the disclosure of our above- identified pending GB 
patent applications. Broadly speaking, such control means 
comprise leaf or wire springs acting between the mounting 
structure and the mounted structure which has . sufficient 
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resilient force to maintain the mounted structure in its 
required defined attitude while permitting controlled 
sliding movement and preventing rattling. 

As mentioned above, attitude control means 70, 72 as 
5 shown in Fig 2 are indicated diagrammatically the former 
acting between the friction elements 64, 66, 68 and caliper 
52, and the latter between hub 4 6 and brake discs 54, 56 (in 
the case of the front wheel brake 16, 18. It needs to be 
understood that outer friction element 68 comprises a pad 74 
10 bonded or fixed to the outer plate 76 of caliper 52, and is 
thus fixed and requires no attitude or movement control. 
However, friction elements 64, 66 comprise pads of friction 
material 78, 80, and 82 bonded to metallic backing plates 
84, 86 which are slidably mounted on caliper 52 and 
15 controlled by the attitude and movement control springs 72. 

In the case of brake discs 54, 56, these are controlled 
by the attitude and movement and control means 7 0 acting 
between the hub 46 and the discs themselves. 

In use, servo motors 34 draw electrical power from the 

2 0 vehicle battery to cause brake -actuating thrust to be 

generated and applied to the friction element assemblies to 
cause brake engagement. The mode of operation for the rear 
wheel brakes 28, 3 0 is much the same as for the front wheel 
brakes 24, 26 only without the central friction element 
25 between the twin discs which are provided in the front wheel 
brakes . 

Turning to the construction of the servo motors 34, 
these comprise an outer stator 88 and an inner annular rotor 
90 which is screw- threadedly engaged with the central 

3 0 threaded shank of an actuating spindle 92 which cooperates 

with the adjacent backing plate of the friction elements 
assembly to apply brake clamping thrust. A corresponding 
thrust race 96 is provided at the inner end of the assembly 
and corresponding ball races 98, 100 to serve to mount rotor 
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90 within the main brake housing 102. On energization of 
servo motor 34, rotor 88 rotates causing spindle 92 to be 
extended to apply the brake. Reverse rotation of the rotor 
occurs for disengagement. The default-operated hydraulic 
5 control system 3 8 is connected to a piston and cylinder 
assembly (not shown) formed in rotor 90 whereby spindle 92 
and its threaded sleeve can be extended (as the piston) on 
pressurisation of the cylinder from hydraulic lines 42, 44. 
In a further embodiment, not illustrated, there is 
10 provided a servo motor- operated hydraulic pump device 
adapted to deliver hydraulic pressure to a hydraulic piston 
and cylinder assembly within housing 102 and which is 
provided instead of servo motor 34 and its rotor and spindle 
assembly. 
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CLAIMS : - 

1. A method of controlling the front and rear wheel 
5 braking system of a road-going mass-produced motor car or 
automobile or the like comprising : - 

a) providing a driver- operable brake actuating control 
member adapted to provide driver control of the braking 
system ; 

10 b) providing front wheel brakes and rear wheel brakes 

for said vehicle; 

c) providing a brake -actuating and control system for 

said front wheel brakes and comprising said driver- operable 

brake actuating control member; 
15 d) providing said brake actuating and control system 

comprising at least one electrically-powered servo motor 

adapted to generated brake -actuating thrust in at least said 

front wheel brakes; and 

e) providing said control system of said brake 
20 actuating and control system comprising means for modulating 

said brake -actuating thrust in accordance with sensed 
vehicle operating parameters; and 

f) providing said front wheel brakes comprising spot- 
type disc brakes each comprising central hub or mounting 

2 5 means adapted to rotate with a vehicle wheel and to have a 

brake disc mounted thereon for rotation therewith, and said 
disc having associated friction elements mounted on a 
corresponding caliper adapted to straddle an inner or outer 
periphery of said disc to permit the brake -actuating thrust 

3 0 generated by said servo motor to be applied to said brake 

disc and friction element assembly; 
characterised by 

g) providing said at least front wheel disc brakes 
comprising at least two brake discs adapted to be axially 
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slidably mounted on said hub or mounting in side-by-side 
relationship and with a generally parallel planar 
relationship between the braking surfaces of said discs; and 

h) providing said at least two brake discs having at 
5 least three of said friction elements interleaved therewith 

for frictional engagement with four annular braking surfaces 
on opposite sides of said discs in the region of a periphery 
thereof, said friction elements being mounted on said 
caliper which is itself mounted at a fixed position with 
10 respect to said hub or mounting; and 

i) providing said at least two brake discs and said at 
least three friction elements and said hub or mounting with 
attitude and dynamic movement control means adapted to act 
between said hub and said discs and between said fixed 

15 caliper and said friction elements to control said attitude 
and movement of said axially slidable discs with respect to 
said hub, and to control said attitude and movement of said 
friction elements with respect to said fixed caliper, at 
least during the time intervals between successive 

2 0 actuations of said electrically-powered servo motor to 
operate said brake; and 

j) said method comprising the step of causing said 
electrically powered servo motor to draw electrical power 
from a source thereof to cause said brake-actuating thrust 

2 5 to be generated in at least said front -wheel brakes so as to 

cause frictional engagement of said four braking surfaces 
with at least said three friction elements under the control 
of said control system, and said brake actuating thrust 
generated by said servo motor being less than the 

3 0 corresponding thrust to generate the same braking effect in 

an otherwise similarly-dimensioned spot-type disc 
brakecomprising. a single fixed brake disc and a pair of 
friction elements mounted on a movable caliper. 
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2 A method of controlling the braking system of a 
motor vehicle comprising providing an electrically powered 
servo motor adapted to generate brake-actuating thrust and 
characterised by providing a disc brake comprising at least 

5 two brake discs adapted to be axially slidably mounted on a 
rotatable hub, together with associated friction elements 
interleaved with said discs and said servo motor being 
arranged to actuate said assembly of brake discs and 
friction elements to effect braking. 

10 

3 A method according to claim 1 or claim 2 
characterised by said brake -actuating thrust being generated 
by a hydraulic piston and cylinder mechanism to which said 
servo motor supplies hydraulic fluid under pressure. 

15 

4 A method according to claim 1 or claim 2 
characterised by said servo motor being arranged itself to 
generate said brake -actuating thrust. 

2 0 5 A front and rear wheel braking system of a road- 

going mass-produced motor car or automobile or the like 
comprising : - 

a) a' driver- operable brake actuating control member 
adapted to provide driver control of the braking system; 

2 5 b) front wheel brakes and rear wheel brakes for said 

vehicle ; 

c) a brake-actuating and control system for said front 
wheel brakes and comprising said driver-operable brake 
actuating control member; 

3 0 d) said brake actuating and control system comprising 

at least one electrically-powered servo motor adapted to 
generated brake -actuating thrust in at least said front 
wheel brakes; and 

e) said control system of said brake actuating and 
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control system comprising means for modulating said brake- 
actuating thrust in accordance with sensed vehicle operating 
parameters; and 

f) said front wheel brakes comprising spot-type disc 
5 brakes each comprising central hub or mounting means adapted 

to rotate with a vehicle wheel and to have a brake disc 
mounted thereon for rotation therewith, and said disc having 
associated friction elements - mounted on a corresponding 
caliper adapted to straddle an inner or outer periphery of 
10 said disc to permit the brake-actuating thrust generated by 
said servo motor to be applied to said brake disc and 
friction element, assembly; 
characterised by 

g) said at least front wheel disc brakes comprising at 
15 least two brake discs adapted to be axially slidably mounted 

on said hub or mounting in side-by- side relationship and 
with a generally parallel planar relationship between the 
braking surfaces of said discs; and 

h) said at least two brake discs having at least three 

2 0 of said friction elements interleaved therewith for 

frictional engagement with four annular braking surfaces on 
opposite sides of said discs in the region of the periphery 
thereof, said friction elements being mounted on a caliper 
which is itself mounted at a fixed position with respect to 
25 said hub or mounting and; 

i) said at least two brake discs and said at least 
three friction elements and said hub or mounting with 
attitude and dynamic movement control means adapted to act 
between said hub and said discs and between said fixed 

3 0 caliper and said friction elements to control said attitude 

and movement of said axially slidable discs with respect to 
said hub, and to control said attitude and movement of said 
friction elements with respect to said fixed caliper, at 
least during the time intervals between successive 
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actuations of said electrically-powered servo motor to 
operate said brake; and 

j) said system being adapted to cause said electrically 
powered servo motor to draw electrical power from a source 
5 thereof to cause said brake -actuating thrust to be generated 
in at least said front -wheel brakes so as to cause 
frictional engagement of said four braking surfaces with at 
least said three friction elements under the control of said 
control system, and said brake actuating thrust generated by 
10 said servo motor being less than the corresponding thrust to 
generate the same braking effect in an otherwise similarly- 
dimensioned spot-type disc brake comprising a single fixed 
brake disc and a pair of friction elements mounted on a 
movable caliper. 

15 

6 braking system of a motor vehicle comprising 
providing an electrically powered servo motor adapted to 
generate brake -actuating thrust and characterised by a disc 
brake comprising at least two brake discs adapted to be 
2 0 axially slidably mounted on a hub, together with associated 
friction elements interleaved with said discs and said servo 
motor being arranged to actuate said assembly of brake discs 
and friction elements to effect braking. 

25 7 A system according to claim 5 or claim 6 

characterised by said brake-actuating thrust being generated 
by a hydraulic piston and cylinder mechanism to which said 
servo motor supplies hydraulic fluid under pressure. 

30 8 A system according to claim 5 or claim 6 

characterised by said servo motor being arranged itself to 
generate said brake -actuating thrust. 

9 A disc brake adapted for use in a method according 
to any one of claims 1 to 4 . 



WO 02/08039 PCT/GB01/03295 



# 



-2/2- 



88 34 100 84 52 16 




62 



FIG. 2 



INTERN 




NAL SEARCH REPORT 



Jnternat Application No 

PCT/ud 01/03295 



A. CLASSIFICATION OF SUBJECT MATTER , , 

IPC 7 B60T13/66 B60T13/74 F16D55/40 



According to International Patent Classification (PC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 B60T F16D 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name ot data base and, where practical, search terms used) 

PAJ, WPI Data, EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



x.p 



WO 83 01044 A (PIETZSCH LUDWIG) 

31 March 1983 (1983-03-31) 

page 7, line 28 -page 8, line 13 

page 8, line 20 -page 9, line 18; figure 5 

EP 0 296 728 A (GEN MOTORS CORP) 

28 December 1988 (1988-12-28) 

column 6, line 33 - line 48; figure 2 

US 4 865 162 A (M0SELEY DOUGLAS D ET AL) 

12 September 1989 (1989-09-12) 

column 3, line 22 - line 54; figures 1-4 

WO 01 15948 A (ALLIED SIGNAL INC) 

8 March 2001 (2001-03-08) 

page 3, line 1 - line 12; figure 1 



1,2,4-6, 
8,9 



1-3,5-7, 
9 



1,2,4-6, 
8,9 



1,2,4-6, 
8,9 



□ 



Further documents are listed in the continuation of box C. 



Patent f amSy members are listed in annex. 



' Special categories of cited documents : 



'A* document defining the general state of the art which Is not 
considered to be of particular relevance 
earlier document but published on or after the international 
llltng date 

•L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or 
other means 

■P" document published prior to the international filing date but 
later than the priority date claimed 



later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand Ihe principle or theory underlying the 
invention 

document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

document ot particular relevance; the claimed Invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

1 document member of the same patent family 



Date of the actual completion of the international search 



25 October 2001 



Date of mailing of the international search report 



02/11/2001 



Name and mailing address ot the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



Blurton, M 



Form PCT/ISA/210 (second sheet) (July 1992) 



INTER 



)NAL SEARCH REPORT 

otion 041 patent family members 



Interna* 

PCT/v 



Application No 

01/03295 



Patent document 




Publication 




Patent family 




Publication 


cuea in searcn repuii 




date 




member(s) 




date 


WO 8301044 


A 


31-03-1983 


AT 


21361 


T 


15-08-1986 






DE 


3272580 


Dl 


18-09-1986 








WO 


8301044 


Al 


31-03-1983 








tr 














JP 


58501585 


T 


22-09-1983 


EP 0296728 


A 


28-12-1988 


1 IC 

Ub 


/l"7AQ/lf\1 
4/Oo'IUl 


A 

n 


UD 1300 








BR 


8803062 


A 


10-01-1989 








CA 


1286235 


Al 


16-07-1991 








EP 


0296728 


A2 


28-12-1988 








JP 


1063429 


A 


09-03-1989 


US 4865162 


A 


12-09-1989 


FR 


2608241 


Al 


17-06-1988 








GB 


2199097 


A ,B 


29-06-1988 


WO 0115948 


A 


08-03-2001 


AU 


1568801 


A 


26-03-2001 








WO 


0115948 A2 


08-03-2001 



Form PCT/ISAV210 (paterrt lamity annex) (July 1992) 



